Background: There is no standard second-line treatment for advanced urothelial carcinoma (UC). Response rates to second-line chemotherapy for advanced UC are low and response duration is short. Bortezomib is a proteasome inhibitor with preclinical activity against UC.
introduction
Urothelial carcinoma (UC) is the fifth most common new cancer reported in the United States, with an incidence estimated to be 61 000 new cases per year and 13 000 deaths per year [1] . Although most patients present with superficial disease, metastatic bladder cancer remains a significant problem. Cisplatin-containing regimens [methotrexate, vinblastine, doxoribucin and cisplatin (MVAC); combination chemotherapy with methotrexate, vinblastine and cisplatin; gemcitabine/cisplatin] are the most commonly used first-line regimens and produce responses in 30%-70% of patients. Despite improvements in therapy over the past 15 years, durable complete remissions in patients with advanced disease are rare, and median survival remains 14 months. In an updated report of the randomized trial comparing gemcitabine/ cisplatin with MVAC, only 15% of patients were alive and continuously disease free [2] .
While gemcitabine/cisplatin is considered by many to be the standard frontline regimen, there is no accepted second-line therapy. Although second-line chemotherapy (ifosfamide, paclitaxel, docetaxel, or other agents) is frequently undertaken in this setting, the response proportions are low and the duration of response tends to be short. In addition, cumulative toxic effects often reduce quality of life and prevent further treatment. Development of novel agents with more activity and less toxicity is necessary. Since no established standard of care exists for patients who have developed progressive disease after first-line therapy, novel agents can be tested in this setting. If activity is observed, strategies incorporating the new agent into frontline therapy can be considered.
The ubiquitin-proteasome pathway degrades intracellular proteins, including crucial proteins involved in cell cycle regulation, transcription factor activation, and apoptosis [3] . Bortezomib is a novel, specific, selective, and reversible inhibitor of the 26S proteasome complex that inhibits the degradation of such crucial proteins as cyclins, nuclear factor (NF)-kappa B, cyclin-dependent kinase inhibitors (i.e. p21 and p27), and tumor suppressor genes. Inhibitors of the 26S proteasome act through multiple mechanisms to suppress tumor survival pathways, arrest tumor growth, tumor spread, and angiogenesis. By inhibiting the proteasome, bortezomib affects a combination of cellular regulatory mechanisms, thereby providing a novel therapeutic approach to cancer treatment. The mechanisms of antitumor activity that have been established for bortezomib involve many pathways thought to be integral to cancer treatment strategies. Bortezomib directly induces apoptosis of tumor cells, inhibits activation of NF-kappa B in cells and in tumor microenvironment, blocks production and expression of proangiogenic mediators, and overcomes defects in apoptotic regulators, such as Bcl-2 overexpression and alterations (i.e. mutations) in the tumor suppressor p53 and loss of Apaf-1 [4] [5] [6] . Bortezomib has been demonstrated to have promising cytotoxic activity against a variety of cancers, including transitional cell carcinoma in the National Cancer Institute (NCI) hollow fiber screen as well as in human xenograft mouse models [7] . Phase I studies demonstrated that 1.3 mg/m 2 twice weekly for 2 weeks every 21 days was the recommended phase II dose in solid tumor patients [8] . On the basis of these data, a phase II study of bortezomib in progressive advanced transitional cell carcinoma of the urothelium was undertaken in patients previously treated with multiagent chemotherapy.
patients and methods

study design and eligibility
To be eligible for this study, patients had histologically confirmed transitional cell carcinoma of the urothelium. All patients were required to have received only one prior systemic chemotherapy regimen for advanced or metastatic disease, with progression documented during or after that treatment. This chemotherapy must have included at least one of the following agents: cisplatin, carboplatin, paclitaxel, docetaxel, or gemcitabine. For the purposes of this study, radiosensitizing single-agent chemotherapy was not considered before systemic therapy. Patients were not allowed to have received prior treatment with proteasome inhibitors or other single-agent investigational therapy. Measurable disease according to Reponse Evaluation Criteria in Solid Tumors (RECIST) criteria was required.
All patients were required to have a common toxicity criteria (CTC) performance status of zero to two and lesser than or equal to grade 1 neuropathy. Prior radiotherapy or chemotherapy must have been completed >4 weeks before trial enrollment. Patients with active brain metastases were excluded. Required laboratory values included creatinine clearance £2.5 · upper limits of normal (ULN) or calculated creatinine clearance >30 cm 3 /min; alanine aminotransferase and aspartate aminotransferase £2.5 · ULN; granulocytes ‡1500/mm 3 ; platelets ‡100 000/mm 3 ; total bilirubin level <1.8 mg/dl, and standard chemistry panel within normal limits. Pregnant or breast-feeding women were excluded from participation due to risk to the fetus or infant.
This clinical trial was sponsored by the Cancer Therapy Evaluation Program of the NCI and the Cancer and Leukemia Group B (CALGB). The institutional review boards of all participating institutions approved this clinical trial. All patients provided written informed consent before participation in this study.
treatment plan
Eligible patients received bortezomib at 1.3 mg/m 2 i.v. on days 1, 4, 8, and 11 of a 21-day cycle. Bortezomib was administered as a rapid i.v. bolus over 3-5 s. Antiemetic premedication was administered at the discretion of the treating physician. Patients continued treatment if there was no evidence of disease progression and no more than or equal to grade 3 toxicity attributed to therapy lasting for >3 weeks. Dose reductions were made according to the degree of toxicity. Patients were able to undergo up to two dose reductions (1 and 0.7 mg/m 2 ) for grade 4 hematologic toxicity, grade 3 or greater non-hematologic toxicity, and grade 2 neurologic toxicity. Patients requiring more than two dose reductions were removed from protocol therapy. Patients with evidence of disease progression, unacceptable adverse events, grade 3 or greater toxicity lasting >3 weeks were removed from protocol therapy.
response and toxicity evaluation
Patients were evaluated with cross-sectional imaging (computed tomography or magnetic resonance imaging) of the chest, abdomen, and pelvis every two cycles to evaluate tumor response according to RECIST guidelines. Toxicity was graded using the NCI Common Terminology Criteria for Adverse Events.
statistical considerations
The primary objective of this multicenter phase II study was to determine the objective response rate to bortezomib in patients with measurable advanced UC previously treated with one prior chemotherapy regimen. Response proportions [complete response (CR) + partial response (PR)] were determined according to the RECIST criteria. Secondary end points included duration of objective response, toxicity, progression-free survival (PFS), and overall survival (OS) in this patient population treated with bortezomib. Duration of response was defined as the date of the first CR or PR to the date that the patient had disease progression or death. OS was measured from the date of initiation of treatment to the date of death due to any cause. PFS was measured from the date of initiation of treatment to the date of progression or death due to any cause, whichever occurs first.
The target accrual for this trial was 40 patients using a Simon two-stage design [9] . The study was designed to test the null hypothesis that the objective response rate was £10% versus the alternative hypothesis that the response rate was at least 30%. In the first stage, 15 patients were to be enrolled and the decision rule was to halt accrual and declare the treatment ineffective if two or fewer patients demonstrated a PR or CR to therapy. Accrual to the study was not suspended while assessing response. This study had a type I error rate of 0.10 and a power of 0.88.
Any patient who enrolled and received at least one treatment was assessed for response and toxicity. Response rate (CR + PR), toxicity rates, and 95% confidence intervals (CIs) for the response and toxicity rates were computed using the binomial distribution. Toxicity was reported by type, frequency, and severity. The Kaplan-Meier product-limit method was used to estimate OS and PFS distributions.
As part of the quality assurance program of the CALGB, members of the Data Audit Committee visit all participating institutions at least once every 3 years to review source documents. The auditors verify compliance with federal regulations and protocol requirements, including those pertaining to eligibility, treatment, adverse events, tumor response, and outcome in a sample of protocols at each institution. Such on-site review of medical records was carried out for a subgroup of 6 (24%) of the 25 patients under this study. Table 1 . Sixty-seven percent of patients had the bladder as their primary site of disease. Seventy-one percent of patients had extranodal (visceral) metastases. Prior chemotherapy regimens were all gemcitabine/platinum-based combinations. All patients had received this chemotherapy for metastatic disease.
clinical outcomes
The median number of cycles of study treatment was 2 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . No patient experienced an objective response (95% CI = 0-12). The study was closed after the interim analysis for lack of activity of the study therapy. The median time to progression was 1.4 months (95% CI = 1.1-2.0 months) and the median survival time was 5.7 months (95% CI = 3.6-8.4 months). Twenty-three patients have died and one patient is alive at 20.0 months of follow-up ( Figure 1 ).
toxicity
Treatment with bortezomib was reasonably well tolerated. Grade 3/4 treatment-related hematologic toxic effects included anemia, thrombocytopenia, and lymphopenia. Grade 3 or 4 treatment-related non-hematologic toxic effects included fatigue, constipation, dehydration, vomiting, hyperglycermia, hypernatremia, sensory neuropathy, neuropathic pain, and hiccoughs. No grade 3 or 4 toxicity was seen in >10% of patients (Tables 2 and 3) . One patient required dose modification due to neurotoxicity. Two patients ended treatment early due to toxicity, including one for neurotoxicity and another for gastrointestinal toxicity.
discussion
While combination chemotherapy for advanced urothelial cancer has led to improved outcomes, the overwhelming majority of patients with metastatic disease will relapse and die of their disease. There is no standard second-line therapy for patients with advanced urothelial cancer. As many patients with advanced bladder cancer have multiple comorbid illnesses, testing of novel agents that may have less toxicity is imperative. Although preclinical testing indicated that proteasome inhibition may hold promise in urothelial cancer, this study was closed to accrual at the interim analysis on the basis of the lack of objective responses observed with bortezomib in this study. Median time to progression was low at 1.4 months, and median survival was 5.7 months. The poor time to progression and OS observed in this study may, in part, reflect the poor risk nature of the patient population treated, as the majority of patients treated on this trial had poor risk disease, as demonstrated by the high prevalence of visceral metastases in this patient population [10] . Treatment-related toxicity observed in this study was modest, and no single toxicity predominated.
Bortezomib has activity in multiple myeloma and is Food and Drug Administration approved for treatment of refractory disease. Bortezomib, however, has yet to show significant activity in solid tumors. Testing bortezomib as a single-agent in patients with metastatic breast cancer did not yield any objective responses [11, 12] . Other tumor types in which bortezomib has been tested as a single agent include neuroendocrine carcinoma, malignant melanoma, renal cell carcinoma, and small-cell lung cancer [13] [14] [15] [16] [17] . No significant original article Annals of Oncology antitumor activity was observed in any of these studies with single-agent therapy. A similar phase II study of bortezomib in UC failed to demonstrate any objective responses [18] . From the accumulated data, it is clear that single-agent bortezomib has little activity in solid tumors. These results imply that interference with ubiquitin-mediated protein degradation by single-agent bortezomib in solid tumors does not play a critical role in the maintenance of the malignant phenotype in many solid tumor types. Multiple redundant pathways that contribute to tumor growth and progression are likely responsible for the lack of response to bortezomib seen in this and other studies. While no correlative end points were incorporated in this trial, other trials using this dose and schedule have demonstrated significant proteasome inhibition [8, 19] . Combination studies with chemotherapy and other novel agents are ongoing in multiple tumor types. On the basis of the lack of activity seen in this study, there is no role for further testing of single-agent bortezomib in advanced UC. 
